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THEORETICAL CHARACTERISTICS IN SUPERSONIC FLOW OF TWO TYPES OF CONTROL
SURFACESjON TRIANGULAR WINGS

By W&mm A. TUCKER and Rorimr 1. NELSON

SUMMARY

linearized theory for supersonic flow
wre wed to fmd the churactwistic~ of hoo type8 of con~rol
su<faces on thin triangular m“ng~. The$rst type, the con.stant-
chard partial-spa n$ap, uxr8conm”deredto extend either outboard
-from the center of the un”ngor inboard from the mung tip. The
second type, the full-triangular-tip $ap, UX78treated only for
the cage in which the Mach number component normal to the
lading edge ie supersonic. For each ti~pe, expre8sion8 were
found= for the lifi, rolling-moment, p“tchittg-moment, and hinge-
moment characteristic~.

(%[cu[ations v~re made from the equation% to illustrate
w%us points of intere8t. ~ major conchmion wa8 that $aps
(If the t~a ngular-tip category are more suitable than con8tant-
chord $apg for use ag control surface~ on ttingular w“ngg,
particularly when used ag ailerong. ~>’otonly is the eJectire-
nesg of the triangwiar~”p $ap in general greater than that of the
ct)tl~tant-chwd jlap hating the game area but the problem of
proriding hinge-moment balance is inherently timplt=r for the
triangular-tip$ap.

INTRODUCTION

There is a certain amount of interest in the use of wings
having triangular plan forms for flight at supersonic speeds,

6 -—1L
(a)Onthi-d CMstfmt-dlod aap3.

and some -work has been done on the aerodynamic character-
istics of such wings (references 1 to 5). Investigation of the
characteristics of control surfaces which might. be used on
triangular w-ings vras therefore considered desirable.

A -mriety of control-surface arrangements has been sug-

gested for use on trian=tiar wings. Two such arrangements

are the constant<hord partiaI-span flap (extendimg either

outboard from the center of the wing or inboard from the.

tip of the wing) and the full-trianggar-tip flap, which is

located at the tip of the wing and has a pkm form geometri-

cally similar to that of the wing. (See fig. 1.) The analysis

of these two types of controI surface forms the subject of the

present report. The fti-triangukmtip flap is treated only
for the case in which the Mach lines from the apex of the

wing lie behind the Ieading edge (supersonic leading edge);

the subsonic-Ieading-edge case is anaIyzed in reference 6,

together -with more generaI types of triangular-tip controls.
Methods bused on the Enearized equations for supersonic

flow are used in the anaIysis, so the results are subject to

the usual limitations of the linearized theory. Viicoua

effects have been neglected.

I

m ~ Constmt-chod flaps

FEm L—The conkokurfam conf@ratfons invdisated,
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b
b,

br’

c.

cm

SYMBOLS

maximum wing span
total maximum flap span normal to free

stream
total maximum flap span parallel to hinge

line (b{=b~ for constant-chord flap;
see fig. 1)

wing root chord
wing local chord
wing mean aerodynamic chord

flap chord
flap root-mean-square chord perpendicular

to hinge Iine

()
Lift coefficient A

qs
pitching-moment co.~cient about wing

()
M

aerodynamic center –—qfi

rolling-moment coefficient
()$

()
hinge-moment coefficient &

P
()

lifting pressure coefficient ~

complete elliptic integral of second kind
with moduhw J- (used in table I,
equation (6))

hinge moment of two flaps

Iiftof two flaps
rolling moment of two flaps, each deflected

an amount 8 in opposite directions
free-stream Mach number; pit thing moment

of two flaps about wing aerodynamic
2

()
center at – c

3

lift ing pressure

(?pl”
free-stream dynamic pressure ~

.
wing area
area of two flaps

.-

free-stream velocity
vertical disturbance velocity (3V)
Cartesian coordinates paralleI and nonmd,

respectively, to free-stream direction (for
field points)

Cartesian .c.oordinates parallel and normal
to free-stream direction (for source points)

angle of attack

,=B?/= Yk
x tan P

P

+

4.

Subscripts:

c.

w

angle of flap deflection in free-etrcmn
direction

wing serniapex angle

3’ac’’n’1g1e(’an-’3

free-stream density
disturbance-velocity potcntinl
disturbance velocity in xdircction

partial dwivativc of cocfficicnl. with rcspccl

partial “derivative of cocf&icnt with rc-
Spmt to 6

partial dmivativc of cocffkicnt with re-
spect to CL

infinite-spnn or two-dimensional wing
condition

All angles me in radians, unless ot hcrwisc specified.

ANALYSIS

The two types of controI surfaces (constant-chord [It]p and
full-triangular-tip flap) arc most conveniently ~!ousidurrd
separately. For each case the control-surfarc chtirartwis[ics
to be determined are, as foIIows:

L~ lift coefficient. duc to fla]) d~!fi~ctiol~c

CQ rolling-moment coefflcicmt. due to flap d~fimtion

c~C~pitching-morncnt c.oeficicn~ duc to flap lift.

Ga hinge-moment coefficient due to flap dcfkction

c ha hinge-moment coefficient duc to fingle of at.turk

CONSTANT-CHORDPARTIAbSPAN FLA1l

Pressure distributions, —Any of tlw aforcmcntioncd cmLhol-
surface characteristics can bo found for the constant+hord
partial-span flap if the pressure distributions duo to flap
deflection at constant angle of attiwk and duc to angle of
attack at c.onsttmt flap (?efkction arc known. This fnrt is
true because of the principle of supposition.

The pressure distributions over certain regions of the
flaps and over the wings are alrwuly known. For botlJ (IIC
inboard flaps ancl the outboard flaps, the prmsurc duc to
flap deflection in the region between the Mm:h mm slwing-
ing from the inner and outer corners of the fkp is cqmd lcI lhe
pressure on an infinite-spnn wing at ml angle of athlck,
The pr~sure due to flap deflection in tho tip Jlach couc of
the outboard flap when the Marl] lines m-o ahmd of the
leading edge has been found from material in rcfcrcncc 7.
The pressure distributions over the wing duc to angle of
attack have been found in refercncc 2 (Mach lines buhind the
leading edge) and reference 4 (Ihwh Iincs ahmd of tlw
leading edge).
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There remain to be determined ordy the pressure distribu-
tions due to flap deflection in the following regions: Fmt,
the inner Mach cone of the outboard flap and the inner and
outer Mach cones of the inboard flap (all three cases are
identical); and, second, the tip of the outboard flap when
the Mach lines are behind the leading edge. The pressure
distribution for the fit case is given in appendix ii and for
the second case, in appendk B.

The various pressure distributions are shown graphically
in figures 2 and 3. The equations for the pressure distribu-
tions are as follows:
For figure z (a),

c,, 4
.—=—

6P

r,3 ~

[ “Os-l(+=)l
_ =— COS-lP+->/.rL2_~

6 7rf!3

For figure 2 (b),

c ( m IK_%—21_
8 ‘)—+ta.-+=

‘q9 I+m Vm—v

For figure 2 (c},
C,l 4
—= —

8
COS-1—9

r/3

C%=c,l
For figure 3 (a),

For figure 3 (b),

A

FWSSWe m secth A-A
(d

(8) .21 (reference T).

.+esswe m secttn A:A
b)

(b)ZGii(referexm4’).

FIGCBE3.—Pressure distrfbntions due to a@e Ofathck.

(a)Ontboard flap; miZL

A

(b)OLUhoerddaCV?n~L (c) Inboszd flap.

FIGUEX2—Prfsnlre dktrfbutfau due to flap dektfon. C%nstant+lmrd fle+=s.
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Derivation of control-surface characteristics,-Once the
pressure distributions are known, the various control+urface
charac.kristics can bo fomd by integrating the pressure over
the proper areas, mtdtiplying by appropriate center-of-
pressure distances when necesary, and dividing by the proper
dimensions to form coefficients. Giving all the derivations
for the cases treated in the present report would cause the
report to be unduly lengthy; t,herefme, only one sample
derivation is given.

The example chosen is CfiAfor the outboard flap for the

case in which the Much lines me ahead of the leading edge.
The equations for the pressure distribution are found from
figure 2. Consider first the inner Mach cone. Integrat.”mg
the pressure only over the part of the flap contained in the
Mach cone (since the pressure on the wing contributes no
hinge moment) gives for the .Jift on this part of the flap

L 2c; ~–l
()

..— .—
@ ~’ T

und, since the pressure distribution in the Mach cone is.
conical, the center of pressure of this lift is ~ Crbehind the

hinge Iine. The hinge moment on this part of the flap is then

H
-=-WH+)=-W=9@

FText, for the part of the flap contained between the inner
rmd outer Mach cones, the preeeure over this entire region
is noted to be constant at the two-dimensional value, so
that the hinge moment can be found simply by multiplying
the pressure by the moment of the trapezoidal area about the
hinge line which gives

The lift in the tip region has been found from integration of
the pressure distribution to be

L C:
-@=-p (3Yn+l)

and, since the flow in the tip region is conical, the hing~
moment is

H 2 c;—= ——
qc! 3 %F (3m+l)=–; $ (39n+l)

Adding the three hinge moments gives the total hinge
moment

H z 2T+4 C;
–=–bf:+~~ -
qa

The hinge-moment coefficient. is formed by dividing the
totaI hinge moment by bz19/2, which in this case is found
to be

Performing the division yields

The other control-eurfacc. charnctcristiea refly l.w derived
in a similar manner. Before giving the final t!qua (ions,
however, a short discussion of the range of upplicubility is
advisable.

Itange of applicability,-Both in the discussion of nrcssure
distributions and in the sample derivation of onc of tlw
control-surface charact(!rist.its, the JIach linm were tacitly
assumed to have had the positions shown in flglme 2. 3fa]~y
other cases are poasibIc; for example, two Much lines may
intersect. or a Much line from onc corner of n flup may cross
the leading edge of the wing. These various cases hnvc been
examined to determine over jnst wht rnnge each equation
is applicable. The method used to dctcrmim the rnngc of
applicability is given in appendix C. The limits tire con-
venient.Iy expressed as the minimum and maximum values
of br/b that can be used for given vaIues of Cl/c rmd m; it is
in thisform that the limits aro given in tables I to IV.

FULL-TRIANGULAR-TIP FLAP

The analysis of the full-triangular-tip fltip is for h mos~
part very simple for the case in which the wing leading edge
is supersonic (m> 1) bccausu thuro is no change in prcssum
over the main surface of the wing when the finp is defh!ctcd.
Each flap can therefore be regarded as an isolated triangular
wing so that the lift and ccntcr of prcasurc me known from
reference 2. Tho problem of finding tho dwivntivw CL*,

~% ~~c=, and CkJis then mainly one of simple algclna.

This simple concept cannot be uscil to dctmminc WC
derivative C~a. Instead, a suitable intcgmt ion of t Iw pres-

sure distribution of figure 3 (a) must bc pcrform(~d ovrr the
surface of the flap in much the same manner as for (1w
constanhchord flap.

The range of applicability of tho rrxndtil~g equations for
the characteristics of the fuU-triangular-tip fhp is limitwl
ordy by the conditions that the wing lending edge must I.m
supersonic (m> 1) and thtit the two finps must. not bc so

large as to interfere physically with each othw
e~”’)

AIthough in calculating hinge moments the flap hinge line
has been assumed to lio along the inboard edge of tho [Iap,
as shown in figure 1, it COUICIcqua]ly WUIIbc in the dtwnnt c
position shown. (The dist.nncc bc%wcwn the bingo line nnd
the trailing edge is arbitrary.) Under the assumptions of
the present theory, the only derivatives affcctcd by tlw
change would be the hinge-moment dcrivativea Chaand Ck~.

RESULTS AND DISCUSSION

The resulting equations for the controkwfaco character-
istics are presented in tables I to IV, together with the range
of applicability of each equation.
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~ comparison of inboard and outboard constant-chord
flaps is afforded by figure 4, in which some of the control-
surftice characteristics m-e shown for a ratio of flap area to
wing area of 0.2 and a vaIue of m=O.S. & would be a~~
petted, the characteristics of the two types of flaps tend to
become identical as the ratio of flap span to wing span
approaches unity. Aother point. to notice is that. small-
chord large-span flaps are the most efficient when the lift
per unit hinge moment (—cL@J is used as a criterion.
This finding is consistent with subsonic experience tith
pIain flaps.

The curre of CIJ P for outboard flaps in figure 4 shows the

int west ing fact that for a given ffap-area rat io an opt irnum
flap-span ratio exists which gi-ies the greatest. rolling-rnoraerit
effect ivenesa. This optimum flap+pan ratio has been found
@ differentiation of equations (2) and (8] (tabIes I and IT)
and is shown in figure 5 for various values of m. For m> I
(supersonic leadingedge) the resultant flap is a Idf-trianguIar-
tip control rotating about an a= normrd to the stream,
as shown by the small sketch in figure 5. The results shown
in figure 5 are strictIy applicable onIy to wings having zero
thickness. The effect of finite thickness is discussed in the
foilotig paragraphs.

The half-triangdar-tip flap and the constant~ord full-span
flap can both be regarded as limiting cases of the constant-
chord partiakpan flap. The hdf-triangular-t.ip flap can
dso be thought of as beIonging to the farniIy of which

the full-triangular-t ip flap is a member. ~ comparison of
the characteristics of the three ftaps is therefore of interest.
Such a comparison is given in fi=-e 6 for a particular wing
and ratio of flap area to wing area. The information neces-
sary to obtain resdts for the triangular-tip flaps at Mach
numb em Iess than ~-~ was taken from reference 6.

The curves of figures 5 and 6, having been obtained by
the use of linearized theory, are strictiy applicable only to
tigs of zero thickness. When wings having finite thickness
are considered, the picture vrill change co~=iderably. The
effect of thickness wiII be to decrease the effectiveness of the
constant-chord flaps; this effect is discussed in references 8
and 9. Fhrever, the streammise sections of the triangular-
tip flaps for the most. part appear more as complete airfoil
sections than as sections of trailing-edge flaps. The eflect
of tite thickness on the lift. of a compIete airfoiI section is
very smaII, so it is to be expected that the effectiveness of
the triangular-tip flaps would change very littIe when tlnite
thickness ia considered. There are some experimental data
which support these stat ements. When the curves of figure
6 are viewed -with these considerate ions in mind, the con-
chsion is reached that triangular-tip flaps are more effective
as controls on trian=tiar wings thtin m-e constankhord
flaps, particularity so far as rolling moments are concerned.

IVo hinge moments are shown in figure 6 for the reason
that they depend on the location of the hinge Line. For
either of the triangular-tip flaps the vaIue of ~ht theoretically
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L I I I I !
o .2 ,4 .6 .8 1.6

flap area rati~ Sf~S

FMURE 6.–FlaP sw ratio roquh’ed for maximum rollhumoment efkc$fvenem. Outlmfud
constant-obord tbs.

will be zero at all supersonic hlach numbers if the hinge IinQ
passes through the center of area of the flap and is parallel
to the trailing edge. In a practical case, the chordwise
location of the center of pressure of the load due to flap
deffe.ction wilI probably not be at the center of area, and it
wdl also probabIy shift some slight -amount with hlach
number. However, the problem of hinge-moment balance
wiIl certainly be lees serious for triangular-tip flaps than for
other types.

CONCLUDING REMARKS

The control-surface characteristic of constant-chord flaps
and triangular-tip flaps on triangular wings were found by
the. use of methods based on Llw linearized theory for super-
sonic flow. Because of their generally higher effectiveness

2.4
\ I I I I I I

\\\ .

.8

FmuRE 6.—C4mwrbon of the chmacterktla of threa twwYof control Wfom on a ~~gu~
SJ

Wfll& #0.z edb”.

and less serious hinge-moment problems, trianguhw-t ip flaps
were conchded to be more satisfactory than constant-chord
flaps for this application.

LANGLEY AERONAUTKXL 1.ARORATORY,
NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS,

LAN~LEY FIELD, VA., July gl, 194$.



APPENDIX A

PRESSURE DISTRIBUTION OVER NBOARD CORNER OF FLAP

The flap in figure 7 maybe represented by a uniform &
tribution of sources and sinks. If the chordwise gap between
wing and flap is considered sealed, the pressure distribution
due to flap deflection may be det ermined by the method of
reference 2.

The equation for the surface velocity potential at a point
(x,v) due to a uniform source distribution is given by
reference 2 as

where w is the verticaI velocity and the area of integration
is over the fore-cone of (r,y). Thus,

The fit integration (reference 10, equation 260.01) gives

Differentiation under the integral sign with
suits in

respect to x re-

W

J

dq= —.
r 1)4&=f%A+2fFy+a4?v

This integral can be evaluated (reference 10,
380.001) to give

where at WI

Thus,

d.(w) =–:
[ 1
_8~_,M/––(~+w +Sip ~

‘-; (:+sfi-’3’

.-

equation

1
Gt A

~GRIZ7.—3Wt8tian used in 8PPWUXESA and B.

Since 4Z is constant aIong lines ~=constant, a new variable

,=@ is ~tmduced .
z

Then,

‘=(x’) =-%eti-”)

or

4.(% ?/)=–: Cos-’ (–J

From reference 2 (taking into account upper and lower
surfaces),

~,= –$

‘W+*-”)

Siice ~=6,

c~=%(~+*-”)

48
‘– Cos-’ (–~)T9

377



APPENDIX B

PRESSURE ON OUTER CORNER OF OUTBOARD FLAPS (m> 1)

The pressure within the hlac.h cone over the outboard
corner of the flap when the hfach line lies behind the Ieading
edge of the flap (see fig. 7) may be determined in a manner
similsr to that of appendix A. The equation for the poten-

tial is then the two-dimensional vaIue —~ minus the

contribution from the muree distribution in mea ~. Then,

The first integration (reference 10, equation 260.01) gives

Ditierentiation with respect to x to obtain ~= gives

S,

w B’j dq—
To xa—/32y2+2((32y-kx)q— (/Y-k’)q3 ““‘-” ‘

The inte~als can be evaluated (reference 10, cqunlion
380.001] to give

~+; [+-’ P$p? o –@=(x,y)= –~ w
1

I+LW

w

[

—— sin-lP’y–k~–~l,–kz)v ~%
m- 4A? 1f?(i=l’y) ,

(,)
k l–~

=—~ Cos
@ “ ?–* cOs-l –

4
+,g)

[
44, !/)= –:B cm-’ P+T+q cos-

‘(s3”)1

4$Z d ~=fi~?,Since CPZ=– ~ an

[
c,=+ cod ‘–.~+’&j:y Cos

-1(=;)]

When ~= 1, this expression for CP becomes

c,= 4m—
p@–1

The pressure is constant at this vrdue everywhere outl.mnrd
of the hfach cone.

378
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APPENDIX C

METHOD OF DETERMKWQG THE RANGE OF APPIJCARILITY

& an ihstrative example, consider an outboard flap with
the Jlach lines ahead of the leading edge and suppose that
two lfach limes cross on the flap. (See @. 8.) It is to be
determined if the equation for the Iift due to flap deflection
(to take a simple exampIe) is the same equation that would
be obtained if the 31ach lines did not cross. The test may
be made in the following manner.

Fret, determine the pressure coefficients in the various
areas indicated by numbers in figure 8. In region 1

tip effect so that

where ACm~is the restit of the outboard tip effect so that

The lift per unit flap deflection is

Blow, if the total area affected is written as

Sf’=s,+s,+s,+s.

FIOIJRE8.—Notationused inapmdk C.

then

S,–s,=s;– (s,+s4]– (s3+s4)

Thearea co~ered by the inner X1ach cone is S,+S,and the
area covered by the outer llach cone is Ss+&, so that the
fial equation for ~/@ can be written as

$=; [C,= (Totzl area affectecl-.irea in inner &Iach

cone— .hea in outer &lach cone) +Lfit in inner
Xiach cone +fift in outer lfach concl

which is exactIy the same equation that is used when the
X1ach lines do not cross.

‘Ilk method is very convenient. to use, since no Iengthy
integrations need be performed. .llthough a lift case was
used as an example, the ~~tension to other cases (hinge
moment, rolling moment, and so forth) is not diflicult.

379
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TABLE I.—CHARACTERISTICS OF OUTBOARD FLAPS ON TRIANGULAR WINGS

[m<l, Maoh linm ahead of leading edge]

cf/c



TABLE 11.—CHARACTERISTICS OF OUTBOARD FLAPS ON TRIANGULAR WINGS

[m> 1, hlach lines behind leading edael

,,
I
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TABLE IIL-CHARACTFXISTICS OF INBOARD FLAPS ON TRIANGULAR WINGS

[m<l or m> 1; Mach lirw ahead or behind leading edge]

Range
Equation

m(bf/b) naam

1 lcJ
—z co

0

<1

c’+’ w
>1

1
1 Cf-——
mc0 <1

>10

o

0‘CL--:(2-3:’)c17
1 -; >1

—
~ ?n+lcJ——

‘m c <1
cba= _; ( ‘cflc

1 – 3mrbJb )18

—

19

>1

1 m+l Q. cf-— –>=2m C*C m+-2

1 cf cf 2m——.——
2m c’ c<m+2

o <1

>1

1.% %/%
c’ c l+2m

Icfq 2m——;—
2m c c<l+2m

o

l/m20 >1

Che-=+
[

,/+), f(’-:Y-(’-g:)si(m*)+m(%)sm*sl*-l*-
bc

J* ([(V’’W’91 -’+J=+[’(192(W)+

(1-3:)] =1*~fij-;K[’(1-:)’:(?)’l-(%Y (’-at)]

l–% 9>m?!!l
c’cm

21 >1
~. g<m=l
m=cm



Ch=

cha

22

—

2i?

—

C!,.=J –-(’- %9’’”-’W9+m(n+’+--’%?)+@zJ((’-w”-’::;

o

0

1 ] _!!
iii () c

c/lC--

:>1

<1



Quantity

C,8

cmcL

cha

Ch
a

TABLE lV.—CHARACTERISTICS OF FULL-TRIANGUI,AR-TIP FLAPS ON TRIANGULAR WINGS

26

27

28

29

[m> 1, Mach lirm behind leading edge]

Equation

c ()1 1–;
“CL-->-

c 2m
‘“” -F=

()‘-- —’””1(”-2m:)-+’’”-lB’5k:;2“ Gf -i
3e. m

.: ,. .,. .,. .,,-4, ?,,
.:, f,, :

Range

;bdb) tin{.

o

0

0

0

0

.,
~_l :,

m

:b//b)=a,

Lo

1.0

1.0

1.0

m—1
m

1.0


